Introduction {#s1}
============

Scrub typhus, also known as tsutsugamushi disease, is an acute, febrile infectious illness. It is caused by Orientia tsutsugamushi (formerly named as Rickettsia tsutsugamushi), a gram-negative obligate intracellular bacterium. Scrub typhus can be transmitted to human and other vertebrates by the bite of an infected larval trombiculid mite (chigger), which belongs to the family Trombiculidae and primarily consisting of the genus Leptortrombidium [@pone.0063668-Phongmany1]. This disease is widely endemic in a geographically confined area of Asia-Pacific region, the so-called tsutsugamushi triangle from northern Japan and far-eastern Russia in the north to northern Australia in the south and to Pakistan and Afghanistan in the west, as well as in the islands of the western Pacific and Indian Oceans. More than half (55%) of the world's population live in the areas where scrub typhus is endemic. An estimated one million cases occur annually [@pone.0063668-Rosenberg1]. Scrub typhus accounts for 20% of all febrile episodes in the endemic areas [@pone.0063668-Brown1] and is a sporadic problem during training of military personnel [@pone.0063668-Bavaro1], [@pone.0063668-Cao1]. Countries not endemic for this disease have also reported cases involving visitors to the disease-endemic-areas [@pone.0063668-Watt1]--[@pone.0063668-Jensenius2]. Scrub typhus has been known in southern China for thousands of years [@pone.0063668-Fan1]. However, the disease has emerged in northern China only in the last three decades [@pone.0063668-Yu1], such as Hebei Province, Tianjin City, Shandong Province, Jilin Province and so on. There was an outbreak of scrub typhus in the fall of 2008 in the northeast area of Beijing [@pone.0063668-Fu1], [@pone.0063668-Zhao1], where the disease had not been known to occur previously.

Most cases in disease-endemic areas occur through agricultural exposure such as working in rice fields in South Korea, Thailand, and Japan, and in oil palm and rubber plantations in Malaysia [@pone.0063668-Silpapojakul1]. The most typical complaints of infected persons are fever, headache, rash, eschar, and lymphadenopathy [@pone.0063668-Lewis1]. In some cases, central nervous system symptoms or circulatory collapse caused by disseminated intravascular coagulation can occur, especially in patients with delayed diagnosis [@pone.0063668-Yi1]. The clinical course of the disease and the prognosis vary depending on the character of the endemic strain [@pone.0063668-Ebisawa1], [@pone.0063668-Kim1]. Patients with scrub typhus have high fatality rates of up to 50--60% and clinical courses ranged from 10 to 28 days before antibiotics were introduced [@pone.0063668-Silpapojakul1], [@pone.0063668-Kelly1]. Scrub typhus is usually successfully treated with doxycycline, tetracycline, or chloramphenicol, while repellents and chemoprophylaxis have limited efficacy.

Factors that may contribute to the increase of scrub typhus include: increase outdoor activities performed by urban inhabitants, rapid urbanization of societies, aging populations, changes in ecological environment, development of ecotourism, significant evolution of diagnostic techniques and public surveillance systems [@pone.0063668-Strickman1]--[@pone.0063668-Lee1]. Scrub typhus is a public health issue in Asia, where one million new cases are identified annually and one billion people may be at risk for the disease [@pone.0063668-Watt2]. In China, scrub typhus was mainly endemic in the southern region of Yangtze River before 1985. Since the outbreak in Shandong province in 1986, the epidemic focus of scrub typhus had moved quickly to the north China. Ever since, increasing number of cases were reported in north China, such as Hebei, Shandong, Henan, Tianjin and Beijing etc. With the emergence of antibiotic resistant strains and prevalence of eco-tourism, scrub typhus prevention and control has become an important public health concern [@pone.0063668-Watt3].

Although some studies of scrub typhus have been performed in disease endemic areas, little attention has been given to the living environment, living habits and behavioral risk factors of the disease. Scrub typhus is not transmitted directly from person to person; it is only transmitted by the bites of vectors. Therefore, the human living habits and health behaviors during outdoor activities are meaningful factors for strategies to control scrub typhus. To identify the kinds of living and behavioral risk factors associated with the incidence of scrub typhus, we undertook a case-control study in Beijing.

Materials and Methods {#s2}
=====================

Ethics Statement {#s2a}
----------------

The Institutional Review Board (IRB) of Beijing Center for Diseases Prevention and Control reviewed and approved all protocols to conduct the Scrub typhus study entitled "A Case-control Study of Risk Factors Associated with Scrub Typhus Infection in Beijing, China". Written and informed consent was obtained from all patients involved in this study.

Study Design and Participants {#s2b}
-----------------------------

The study area consists of 15 villages and towns that are located in the northeast of Beijing, situated at the junction of Beijing, Tianjin and Hebei province, with 1075 km^2^ area and a population of 500,000. This district has shown a high incidence of scrub typhus in recent years. The prevalence rate of scrub typhus in this area was 0.029‰ in 2009 and 0.109‰ in 2010 according to the report of China Information System for Diseases Control and Prevention.

The case inclusion criteria were scrub typhus cases reported in the China Information System for Diseases Control and Prevention within the past three years. The case exclusion criteria were the reported cases that lacked laboratory confirmation (a four-fold increase in the IgG antibody titer in follow-up serum, positive IgM antibody detection or genetic material detected using polymerase chain reaction [@pone.0063668-Fu1]). Eligible controls were defined as inhabitants living (more than 6 months) in the same villages or towns as the case subjects, who were matched for age (within 5 years) and occupation, and lacked a history of scrub typhus within three years according to the China Information System for Diseases Control and Prevention. The scrub typhus IgG test of these controls was negative. A total of 56 cases were recruited from the 15 study areas during October and December 2011. The distribution of 56 cases in these 15 villages and towns were uneven. One town has 14 cases, one town has 10 cases. Two towns have 5 cases each, two towns have 4 cases each, two towns have 3 cases each, one town has 2 cases, and six towns have one case each. All these 56 cases were diagnosed positive by serological method, and 47 cases of them were diagnosed positive by PCR method. And 168 identified matched controls (1∶3 pair matching) from their nearest neighbors were recruited at the same time.

Data Collection {#s2c}
---------------

56 cases of scrub typhus from 2008 to 2010 were selected. Trained interviewers visited the cases and controls. We were particularly interested in the residential environment, living habits and modifiable behaviors during outdoor activities, such as the type of agricultural work, as well as feeding animal activities. The potential confounders of age and occupation (farming and non-farming) were controlled by matching. A standardized questionnaire was used by trained interviewers to collect detailed information of cases and controls. Three main categories of variables were considered in the questionnaire: socioeconomic status (age, education level, and residential environment), living habits and outdoor activities (work places, type of work engaged in within the previous one month in consideration of the incubation period and delay-time from disease onset).

We obtained verbal informed consent from all study subjects. This study was reviewed and approved by the Beijing Centers of Disease Control and Prevention (BJCDC), the governmental agency in charge of communicable disease control in Beijing.

Statistical Analysis {#s2d}
--------------------

EpiData software was used to develop the data set. Statistical analyses were performed with SPSS 13.0 software (SPSS Inc., Chicago, IL, USA). The multivariate logistic regression model was used to investigate the potential correlative factors that were associated with scrub typhus infection. The significance level for entering the multivariate logistic regression model was set as 0.10, and the level for staying in the model was 0.05. A *P* value of \<0.05 was considered statistically significant.

Results {#s3}
=======

General Information of the Study Subjects {#s3a}
-----------------------------------------

We recruited 56 scrub typhus cases and 168 matched controls. For cases and controls, respectively, 48.2% and 66.1% were female, 67.9% and 78.6% were farmers. The greatest age class in the age distribution was the 40∼ years group, and this was similar between the two groups. There were no significant differences in some demographic characteristics, such as occupation, age and education years between case group and control group ([Table 1](#pone-0063668-t001){ref-type="table"}). When matched with the same age and occupation, it is very difficult to find the controls of the same gender who living in the neighborhood in this area. And according to the report before, there is no significant difference in the prevalence of scrub typhus in this area between male and female [@pone.0063668-Zhao1], [@pone.0063668-Tian1]. Therefore, in this instance, gender was not chosen as a match factor.

10.1371/journal.pone.0063668.t001

###### General information of the scrub typhus cases and controls enrolled in the study.

![](pone.0063668.t001){#pone-0063668-t001-1}

  Characteristic      Case (n = 56)   Control (n = 168)   *P value*         
  ------------------ --------------- ------------------- ----------- ------ -------
  Age group, years                                                           0.620
  20∼                       6               10.7             24       14.3  
  40∼                      35               62.5             93       55.4  
  60∼                      15               26.8             51       29.8  
  Gender                                                                     0.017
  Male                     29               51.8             57       33.9  
  Female                   27               48.2             111      66.1  
  Occupation                                                                 0.128
  Farmer                   38               67.9             132      78.6  
  Non-farmer               18               32.1             36       21.4  
  Education, years                                                           0.533
  ≤6                       26               46.4             70       41.7  
  \> 6                     30               53.6             98       58.3  

Living Environment {#s3b}
------------------

For cases and controls, respectively, 98.2% and 92.9% lived in houses, others lived in apartments, 69.6% and 82.1% lived in houses with yard of cement floor, 51.8% and 17.3% live in houses near grassland, vegetable field or ditch, 14.3% and 1.8% piled weeds in the room, and 60.7% and 9.6% piled weeds in the yard. There were significant differences in most factors of living environment, except housing type between cases and controls ([Table 2](#pone-0063668-t002){ref-type="table"}).

10.1371/journal.pone.0063668.t002

###### Living environment of the scrub typhus cases and controls enrolled in the study.

![](pone.0063668.t002){#pone-0063668-t002-2}

  Living environment                                 Case (n = 56)   Control (n = 168)   *P value*         
  ------------------------------------------------- --------------- ------------------- ----------- ------ ---------
  Residential location                                                                                      \<0.001
  Edge of village                                         32               57.1             32       19.0  
  Center of village and town                              24               42.9             136      81.0  
  Housing type                                                                                               0.138
  House                                                   55               98.2             156      92.9  
  Apartment/others                                         1                1.8             12       7.1   
  House yard with cement floor                                                                               0.047
  Yes                                                     39               69.6             138      82.1  
  No                                                      17               30.4             30       17.9  
  Houses near grassland, vegetable field or ditch                                                           \<0.001
  Yes                                                     29               51.8             27       17.3  
  No                                                      27               48.2             141      82.7  
  Piling weeds in the house                                                                                  0.001
  Yes                                                      8               14.3              3       1.8   
  No                                                      48               85.7             165      98.2  
  Piling weeds in the yard                                                                                  \<0.001
  Yes                                                     34               60.7             16       9.6   
  No                                                      24               39.3             152      90.4  

Places of Work and Type of Outdoor Activities {#s3c}
---------------------------------------------

[Table 3](#pone-0063668-t003){ref-type="table"} shows the ORs for the work places and type of outdoor activities within one month from the onset using single factor logistic regression analysis. Persons who had worked in farmlands, vegetable fields, and vinyl house within one month had significantly higher risk than other persons. The ORs (95% CI) for farmlands, vegetable fields and vinyl house were 3.8 (2.0--7.2), 2.0 (1.0--3.0), and 6.4 (1.1--35.9) respectively. Persons who had engaged in harvesting in autumn and other outdoor activities, such as picking wild fruit, collecting firewood had a significantly higher risk of scrub typhus infection with ORs (95% CI) of 4.6 (2.4--8.8) and 2.0 (1.1--3.7). Leisure activities such as camping, walking and resting on grassland were positively associated with infection risk and had an OR (95% CI) of 2.1 (1.0--4.2).

10.1371/journal.pone.0063668.t003

###### Associations between risk factors in outdoor activities and scrub typhus, Beijing.
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  Exposure within one month                                             Case (n = 56) No. (%)   Control (n = 168)[†](#nt102){ref-type="table-fn"} No. (%)   OR (95% CI)[\*](#nt101){ref-type="table-fn"}
  -------------------------------------------------------------------- ----------------------- ----------------------------------------------------------- ----------------------------------------------
  Places of work                                                                                                                                           
  Farmland                                                                    38 (67.9)                                 60 (35.7)                                          3.8 (2.0∼7.2)
  Vegetable fields                                                            19 (33.9)                                 34 (20.2)                                          2.0 (1.0∼3.0)
  Vinyl house                                                                  4 (7.1)                                   2 (1.2)                                           6.4 (1.1∼35.9)
  Woodland and hilly area                                                     22 (39.3)                                 45 (26.8)                                          1.8 (0.9∼3.3)
  Raising animals[‡](#nt103){ref-type="table-fn"}                             36 (64.3)                                 73 (43.5)                                          2.3 (1.3∼4.4)
  Working in the field                                                        89 (53.0)                                 44 (78.6)                                          3.3 (1.6∼6.6)
  Harvesting in autumn                                                        38 (67.9)                                 53 (31.5)                                          4.6 (2.4∼8.8)
  Sowing                                                                      22 (39.3)                                 45 (26.8)                                          1.8 (0.9∼3.3)
  Other outdoor activities (Picking wild fruit, collecting firewood)          25 (44.6)                                 49 (29.2)                                          2.0 (1.1∼3.7)
  Leisure activities[§](#nt104){ref-type="table-fn"}                          17 (30.4)                                 29 (17.3)                                          2.1 (1.0∼4.2)

OR = odds ratio; CI = confidence interval.

Matched by age and occupation.

Raising animals involved rabbit, cat, dog, pig, cattle, sheep, goat and poultry.

Leisure activities involved camping, walking and resting on a grass land.

Multivariate Logistic Regression Analysis of Risk Factors {#s3d}
---------------------------------------------------------

Backward selection logistic regression analysis showed that when using gender, residential location, housing type, working places, activity type and living habits etc. as independent variables, and scrub typhus infection as a dependent variable, the model had significance, p\<0.001, R^2^ = 0.636. The results showed that gender, education≤ 6 years, working in vegetable fields, hilly area, harvesting in autumn, living in a house without cement floor, piling weeds in the house and yard, living in houses near grassland, vegetable field or ditch were positively associated with scrub typhus infection. The details are showed in [Table 4](#pone-0063668-t004){ref-type="table"}.

10.1371/journal.pone.0063668.t004

###### Multivariate logistic regression analysis of risk factors for scrub typhus infection, Beijing[\*](#nt105){ref-type="table-fn"}.

![](pone.0063668.t004){#pone-0063668-t004-4}

  Item                                                         Partial regressioncoefficient   Partial regression coefficientstandard error   *P value*   AdjustedOR   Adjusted OR95.0% CI
  ----------------------------------------------------------- ------------------------------- ---------------------------------------------- ----------- ------------ ---------------------
  Gender                                                                   0.987                                  0.494                         0.046        2.7             1.0∼7.1
  Education≤ 6 years                                                       2.773                                  1.104                         0.012        16.0           1.8∼139.2
  Working in vegetable fields                                              1.302                                  0.601                         0.030        3.7            1.1∼11.9
  Working in woodland and hilly area                                       2.101                                  0.919                         0.022        8.2            1.4∼49.5
  Harvesting in autumn                                                     2.842                                  0.621                        \<0.001       17.2           5.1∼57.9
  Sowing                                                                  −1.414                                  0.611                         0.021        0.2             0.1∼0.8
  House yard without cement floor                                          1.437                                  0.711                         0.043        4.2            1.0∼17.0
  Piling weeds in the house and yard                                       2.669                                  0.566                        \<0.001       14.4           4.8∼43.7
  Living in houses near grassland, vegetable field or ditch                1.906                                  0.543                        \<0.001       6.7            2.3∼19.5
  Raising animals                                                         −0.938                                  0.550                         0.088        0.4             0.1∼1.2
  Constant                                                                −45.743              2.188[\*](#nt105){ref-type="table-fn"}10^4^      0.998       \<0.0              --

The significance level for entering the multivariate logistic regression model was set as 0.10 and for staying in it was set as 0.05.

Negatively correlated factors: Sowing.

Positive correlation factors: Gender, education≤ 6 years, working in vegetable fields, working in hilly area, harvesting in autumn, house yard without cement floor, piling weeds in the house and yard, living in houses near grassland, vegetable field or ditch.

Discussion {#s4}
==========

Since the emergence of the first scrub typhus infection case in 2008 in northeast district of Beijing, an increasing number of cases were reported from 2009 to 2011 in Beijing [@pone.0063668-Fu1], [@pone.0063668-Zhao1], [@pone.0063668-Tian1]. Recently, Beijing has been confirmed as the natural foci of scrub typhus for the first time by Beijing Center for Disease Prevention and Control laboratory (data not shown). 56-kDa type-specific antigen gene DNA sequencing revealed that the prevalent stain of Orientia tsutsugamushi in this area was identical with a homology of 96% with Kawasaki type [@pone.0063668-Fu1]. In order to find out the risk factors associated with this disease, a case-control study was carried out. In this study, we examined the association between scrub typhus infection and living environment, living habits, work-related behavioral factors and outdoor activities. The results would provide the theoretic basis for setting up the prevention and control measures. To our knowledge, few comparable studies were carried out in China to investigate the risk factors associated with the scrub typhus infection. Our work focused on the specific regional details, such as living environment, house typing and outdoor activities etc, which provided results that could be more valuable for establishing the effective prevention and control strategy for Beijing or even northern area of China.

The results showed that comparing with living in town or in the center of the village, living at the edge of the village, living in the houses near grassland, vegetable field or ditch, were positively associated with scrub typhus infection. The house at the edge of the village is more likely near the farmland or grassland, where the chigger mite grows, and this makes resident contact with transmission vectors of scrub typhus easily. Our results also showed that living in a house that has a yard without cement floor, or piling weeds in the house or yard was a high risk factor of scrub typhus infection. The lack of the cement floor in the house yard allows grass or weeds to grow easily, and these weeds in the house and yard area can increase the risk for people to come into contact with the transmission vector. All these factors increase the exposure and resident contact with transmission vectors of scrub typhus.

Although farmers are considered to be a high-risk group for scrub typhus [@pone.0063668-Silpapojakul1], [@pone.0063668-Kelly1], the association has not been clarified in detail. Our study showed that scrub typhus infection was strongly and positively associated with working in fields and harvesting in autumn, but sowing is negatively associated with it. Leptotrombidium scutellare, the predominant transmission vector in north China [@pone.0063668-Wu1], [@pone.0063668-Su1], begins to appear in September and has a peak population in October and November. In Beijing, most of the sowing activities are carried out in spring, which could explain why sowing is not a risk factor for scrub typhus infection in Beijing.

Farm and forest workers are well known to be high-risk groups for scrub typhus. We found strong positive associations with working in the vegetable field, woodland and hilly area; persons who had harvested crops or had gathered wood or weeds in the field within the previous month also showed a high risk for scrub typhus infection.

Our results suggest that people who tend to expose their skin during outdoor activities are vulnerable to scrub typhus infection. As the proportion of people raising animals was low, the possession of pets or domestic animals was not associated with the disease. In our study, we found that only 2.3% and 3.3% of the participants (cases and control respectively) had received health education for scrub typhus during their lifetimes. Therefore, the efficacy of these measures for preventing scrub typhus was not clearly evaluated. Beijing Center for Disease Prevention and Control should begin to perform an intensive health education program in disease-endemic areas. And a prospective study is required in these regions to investigate the efficacy of the prevention measures.

According to the report of the of China Information System for Diseases Control and Prevention, the difference in ratio of male and female scrub typhus patients is not significant, but the multivariate logistic regression analysis showed that male has a higher risk of catching the disease than female. Typically, men are more involved in the farm work and field work than women in north China, and this offers more chance for male to get the chigger bite than female, and thus a higher risk to catch the scrub typhus.

The multivariate logistic regression analysis also showed that lower education level (education ≤ 6 years) is a risk factor for scrub typhus infection in this area. Higher education provided individuals with more knowledge about this disease and allowed easier access to get health education about this disease through various channels. Individuals with higher education may also possess better personal hygienic habits, such as changing clothes or taking bath after field work. All these behaviors can help to protect a man from the chigger bite. Since these contents were not included in the questionnaire, we need to carry out further study to confirm the hypothesis in the future.

Our study has specific strengths. First, the study was representative of the Beijing population and specifically designed according to the rural conditions of Beijing area. Second, the results have definite implications for public health because the study targeted modifiable behaviors.

There were also limitations to our study. First, the sample size was relatively small considering the heterogeneity of the study participants. Second, there were some potential for recall bias because of using cases that had the infection in 2008 and 2009, which involved a longer time from the onset to be interviewed.

Despite these limitations, our study presents worthy results that can contribute to the establishment of an evidence-based intervention strategy to reduce the incidence of scrub typhus. Outdoor activities and living habits can make a person vulnerable to scrub typhus infection. Conducting health education constantly and increasing public awareness, such as changing living habits of not piling weeds in the house and yard, improving living conditions to the best of one's ability, cementing the ground of the house and yard to reduce the weed growth, taking preventive behaviors that reduce exposure to infected mites, e.g., wearing a long-sleeve shirt, not resting on the bare field or grass may have significant effects in preventing scrub typhus infection in Beijing.

In conclusion, our findings will be helpful in the establishment of a detailed intervention program to control scrub typhus in Beijing area or other similar disease-endemic area in China.
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